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12. A heat exchanger according to any preceding claim, in which the 
plates of the stack are provided at their edges with extensions to assist 
location of the plates in the stack. 

13. A heat exchanger according to any preceding claim, in which the 
plates are provided with extensions in the form of loops which stack 
together to provide one or more tanks at the sides of the stack. 

14. A perforated plate, the plate having an array of spaced colmnn 
precm^sors, the colmnn precm-sors being of thickness equal to the plate 
thickness and being joined together by Ugaments extending between 
adjacent pairs of column precursors, the ligaments having a thickness less 
than the plate thickness. 

15. A perforated plate according to Claim 14, substantially as 
hereinbefore described with reference to and as shown in the 
accompanying drawings. 



5. A heat exchanger according to any preceding claim, in which the 
perforations in the plates and the reduced thickness of the hgaments are 
produced by photochemical etching or spark erosion. 

6. A heat exchanger according to any preceding claim, in which at 
least two differently perforated plates are used, the two plates having 
different hgament patterns. 

7. A heat exchanger according to any preceding claim, in which the 
column precursors are of circular cross section. 

8. A heat exchanger according to any preceding claim, which 
comprises a plurahty of joined together stacks of the parallel perforated 
plates, each stack being separated from an adjacent stack by a soUd 
unperforated plate whereby two or more separate fluid stream 
passageways are provided. 

9. A heat exchanger according to any preceding claim, in which the 
perforated plates are of metal of thickness 0.5mm or less. 

10. A heat exchanger according to any preceding claim, in which the 
components of the stack are diffusion bonded together. 

11. A heat exchanger according to any preceding claim, in which the 
components of the stack are brazed together. 
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P.l 102 GB 
CLAIMS 

1 . A heat exchanger comprising a stack of parallel perforated plates, 
each plate of the stack having perforations defining an array of spaced 
column precursors, of thickness equal to the plate thickness, the column 
precursors being joined together by ligaments extending between adjacent 
pairs of column precursors, the hgaments having a thickness less than the 
plate thickness, the column precursors of any one plate being coincident in 
the stack with the colimm precursors of any adjacent plate whereby the 
stack is provided with colimms extending perpendicularly to the plane of 
the plates. 

2. A heat exchanger according to Claim 1, in which the hgaments of 
each plate of each pair of adjacent plates are displaced relative to those of 
the other plate of the pair. 

3. A heat exchanger according to Claim 1 or 2, in which the top and 
bottom of the stack are closed by sealed plates. 

4. A heat exchanger according to Claim 1, 2 or 3, in which the stack 
has side plates which are formed by the stacking of unperforated border 
regions around the edges of individual plates of the stack, the unperforated 
border regions being integrally formed as part of the plate. 



When plates 20 and 30 are stacked together with their column 
precursors aligned, the effect is shown in Figure 6, where plate 20 is 
shown above plate 30. Hence only column precursors 21 are visible. 

The double headed arrow indicates possible flow directions when 
the plates are stacked to form a heat exchanger. 

As can be appreciated when a plurality of pairs of plates 20 and 30 
are stacked together, the ligaments 22A, 22B, 32 and 33 provide a 
tortuous path in addition to the need for the fluid to pass around the 
columns that are fonned from the stacked column precursors. Thus 
excellent heat transfer properties can be achieved. 

The invention is not limited to the embodiments shown. For 
example, it is possible to fom the plates with the ligaments of thickness 
equal to the plate thickness and the column precursors of thickness less 
than the plate thickness. In these circumstances, of course, the hgaments 
effectively become the column precursors and the column precursors 
become the ligaments. 




) 
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adjacent groups by ligaments from its column precursors to the precursors 
of other groups. 

The Hgaments 17 have been etched to half the thickness of the plate 
10 as shown in the sectional view of Figure 3. 

It will be appreciated that the Ugament and column precursor 
arrangement can vary widely from that shown. 

In Figure 4 the central region of plate 20 has an array of rectangular 
section column precursors 21 in rows, each column precursor in one row 
being attached to an adjacent precursor in the next row or rows by a 
diagonally-extending, relatively thin, i.e. in plan, ligament 22A or 22B. 
Ligaments 22A between a first pair of rows of column precursors are 
angled in the opposite direction to ligaments 22B between the next row 
and this is repeated across the plate. 

In Figure 5, the central region of plate 30 has the same linear array 
of column precursors 31 as Figure 4. Column precursors 31 have the same 
dimensions as column precursors 21 of plate 20 and are spaced at the same 
positions in the plate. Plates 20 and 30 are of identical size. 

Column precursors 31 are joined to the adjacent precursors in the 
same row by ligaments 32 and to adjacent precursors in the next row or 
rows by hgaments 33. 



In another aspect the invention provides a perforated plate having an 
array of spaced column precursors, the column precursors being of 
thickness equal to the plate thickness and being joined together by 
ligaments extending between adjacent pairs of column precursors, the 
ligaments having a thickness less than the plate thickness. 

The top and bottom of the stack may be closed by conventional 
solid plates, and inJet, outlet, header tank and like features may be 
provided as required. Side plates or bars of the stack may conveniently be 
formed by the stacking of unperforated border regions around the edges of 
individual plates of the stack, the unperforated border regions being 
integrally formed as part of the plate. 

Preferably the perforations in the plates and the reduced thickness of 
the ligaments are both provided by photochemically etching, such a 
technique being well known in the art. However other means, e.g. spark 
erosion, may be used, if desired. 

It is preferred that at least two different patterns of ligaments are 
used so that the ligaments do not completely coincide through the stack. 
Preferably at least two different plates are provided, i.e. the plates have 
different ligament patterns. Thus a tortuous flow path through the stack is 
provided around and normal to the longitudinal axes of the columns and 
across the surfaces of the ligaments. 
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In practice, however, it has proved difficult to make a satisfactory 
pin fin stack. It has proved difficult to maintain the pins at their correct 
spacing relative to each other while creating the necessary conditions, e.g. 
of temperature and pressure, for satisfactory bonding of the plates and the 
pins to take place. 

It is, therefore, an object of the present invention to provide 
improved pin-fin heat exchangers that can be accurately and consistently 
manufactured to the required tolerances and that have improved heat 
exchange capability 

Accordingly, in one aspect the invention provides a heat exchanger, 
the heat exchanger comprising a stack of parallel perforated plates, each 
plate of the stack having perforations defining an array of spaced column 
precursors, of thickness equal to the plate thickness, the column precursors 
being joined together by ligaments extending between adjacent pairs of 
column precursors, the ligaments having a thickness less than the plate 
thickness, the column precursors of any one plate being coincident in the 
stack with the column precursors of any adjacent plate whereby the stack 
is provided with columns extending perpendicularly to the plane of the 
plates. 

Preferably the ligaments of each plate of each pair of adjacent plates 
are displaced relative to those of the other plate of the pair whereby more 
turbulent fluid flow channels are provided through the stack, i.e. around 
the columns and under or over each ligament. 
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DESCRIPTION 

HEAT EXCHANGER 

This invention relates to heat exchangers and is particularly 
concerned with heat exchangers of the so-called "pin-fin" type. 

"Pin-fin" type heat exchangers have been well known in principle 
for many years and consist essentially of a stack of thin metal plates, 
adjacent pairs of plates in the stack being separated by a plurality of 
spaced columns - or pins. Fluid flowing through the stack passes between 
adjacent pairs of plates and is forced to follow a tortuous path to flow 
aroimd the pins in its travel fi-om one side of the stack to the other. Such 
flow, and the turbulence caused by the pins, leads, theoretically, to good 
heat transfer properties for the stack. 

The pins are essentially columns of solid metal which have to be 
bonded at their ends to a pair of plates so that the pins are sandwiched 
between and perpendicular to the plates. The plates form the primary 
surfaces of the heat exchanger and separate different flow streams and the 
pins provide secondary surface areas. 

Preferably, the pins need to be bonded, e.g. by brazing, welding, 
diffusion bonding or any other possible means, in a manner to minimise 
surface contact resistance. 
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